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© Bone cement composition and method of manufacture. 



© A bone cement composition has adjustable 
rheological properties, high strength, and produces a 
uniform radiological image. The cement comprises 
beads containing a polymerization initiator in control- 
lable concentrations from 0% to 5% or more by 
weight. These same beads or others may also con- 
tain an opacifier. The polymerization initiator and the 
opacifier may be selectively distributed throughout 
the beads or at specific radial locations in the beads 
or within the beads in specific strata. They may also 
be selectively placed in beads of a particular ad- 
vantageous size range. Furthermore, in other em- 
bodiments of the invention, other advantageous ad- 
ditives can be incorporated in the beads such as 
dyes, antibiotics, bone growth factors, and other 
pharmacological or therapeutic agents. 




00 

in 



QL 
LU 



Rank Xerox (UK) Business Services 



1 



EP 0 581 387 A1 



2 



BACKGROUND OF THE INVENTION 

The present invention relates to two-component 
plastic systems useful for surgically filling voids in 
bones. More specifically, the invention relates to 
polymer cements comprising a liquid component 
and a dry component wherein the dry component 
includes polymer beads. 

Polymer based surgical cement systems have 
been successfully employed for many years to fill 
voids in bones. Such cements have found their 
greatest use in the fixation of orthopaedic implants. 
Typically a bone is cut to accommodate an implant 
and then liquid and dry components of the cement 
system are mixed to form a paste which is applied 
to the cut bone. The implant is seated in this paste, 
which, when fully polymerised, forms a continuous 
solid interface between the implant and bone. The 
invention of this disclosure encompasses improve- 
ments in these polymer bone cements. To better 
understand the invention, it will be helpful to review 
the basic composition, behavior, and deficiencies 
of prior cements. 

FIG. 1 depicts a typical prior art dry compo- 
nent of a bone cement system. The dry component 
includes a loose mixture of polymer beads 1 , poly- 
mer flakes (or milled beads) 2, and a powdered 
opacifier 3. The beads contain a polymerisation 
initiator such as benzoyl peroxide (BPO). Typically 
these beads are formed in a solution polymeriza- 
tion process in which BPO is added as a poly- 
merisation initiator to a monomer and polymerisa- 
tion is carried out. BPO added in excess of that 
required for polymerization of the monomer re- 
mains in the polymer as a residual. The more BPO 
added, the greater will be the residual BPO ran- 
domly distributed in the polymerized beads, within 
practical limits. However, the molecular weight of 
the resulting beads decreases as the BPO is in- 
creased. A high molecular weight is important in 
bone cement beads because mechanical strength 
increases as molecular weight increases. The 
tradeoff between residual BPO and molecular 
weight has limited the residual BPO attainable in 
beads having a useful molecular weight. For exam- 
ple, it is very difficult to produce a bead with a 
molecular weight greater than 500,000 and a resid- 
ual BPO content greater than 2% by weight. When 
the residual BPO content is below approximately 
1% by weight, the addition of free BPO powder to 
the mixture comprising the dry cement component 
may be required to achieve a desired set time, 
typically between 10 and 15 minutes. However, 
uniform dispersion of this BPO powder is difficult. 
Finally, the opacifier 3 is included to color the 
cement to aid its implantation and to make it visible 
on a radiograph. The opacifier tends to form 
clumps 4 because it is a fine powder added to the 



beads and flakes. 

In use the dry component is mixed with the 
liquid component which contains a monomer and 
typically an amine accelerator such as N,N- 

5 Dimethyl-p-toluidine (DMPT). Upon mixing, the 
monomer dissolves the flake polymer to a great 
extent due to the large surface area of the flake, 
thereby creating a viscous fluid or paste. In addi- 
tion, the monomer begins to dissolve the beads at 

w a much slower rate than the flake because of the 
relatively small surface area of the beads. As the 
beads partially dissolve, residual BPO becomes 
available to the monomer. The BPO decomposes 
in the presence of DMPT into free radicals which 

15 act as polymerization initiators for the monomer, 
and polymer chains begin forming from the beads 
outwardly. However, only the BPO that is exposed 
by bead dissolution is accessible, and the beads 
only partially dissolve. Since the BPO is distributed 

20 throughout the bead, the usable BPO concentration 
of prior art cements is less than the actual con- 
centration in the bead. As polymerization pro- 
gresses, the cement paste grows more viscous 
until it eventually hardens into a solid. It is helpful 

25 to characterized this hardening process as having 
three stages. FIG. 2 depicts a viscosity versus time 
graph for a typical polymer bone cement. During 
the first, or mixing stage, the cement components 
are mixed and a viscous paste, represented by Ui , 

30 is formed primarily due to the dissolution of the 
polymer flake in the monomer. During the second 
stage, or working time, the paste is of a suitable 
viscosity to be effectively applied to the bone. By 
design this may be a fairly thick putty-like consis- 

35 tency suitable for manually packing into the bone 
or it may be a thinner flowable consistency suitable 
for injection into the bone. The consistency can by 
controlled, for example, by varying the ratio of flake 
to beads in the dry component. It is noted that 

40 absent the BPO this stage would continue for a 
considerable period with only slight thickening due 
to further dissolution of the beads. However, be- 
cause of the BPO, polymerization takes place and 
the paste reaches a state, represented by u.2, 

45 where it is no longer able to be worked. The 
polymerization reaction, which is exothermic, con- 
tinues during the final stage until the cement is 
fully hardened. The entire process typically takes 
from two to fifteen minutes. Because of the prac- 

50 tical limits on the amount of residual BPO and its 
distribution throughout the beads, the viscosity ver- 
sus time curve, as shown in FIG. 2, for prior art 
cements is not readily tailored. 

The resulting solid cement, as depicted in FIG. 

55 3, comprises a matrix of polymerized plastic 5 
containing a distribution of beads 1 and opacifier 3. 
The beads are generally firmly attached to the 
matrix since the polymer chains formed from the 
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beads outwardly as BPO was exposed. However, if 
free BPO was added to raise BPO levels, then 
when the dry cement component having a non- 
uniform dispersion of BPO powder is mixed with 
the liquid cement component, polymerization will 
proceed more quickly at regions of relatively high 
BPO concentration. These regions will be outside 
of the beads, resulting in localized and less uniform 
polymerization which can result in reduced me- 
chanical properties. Furthermore, the opacifier is 
simply encased in the matrix and forms no attach- 
ment with it, thereby concentrating stresses placed 
on the cement and weakening it. The tendency of 
the opacifier to clump 4 can further weaken the 
cement and the clumps can obscure the radiog- 
raphic image of the cement-bone interface. U.S. 
Patent 4,791,150 to Braden et al. and U.S. Patent 
4,500,658 to Fox describe cements having an 
opacifier dispersed in polymer cement beads dur- 
ing the bead formation. The references teach the 
use of a suspension polymerization batch process 
for forming beads as discussed above and further 
teach including the opacifier particles in the sus- 
pension polymerization solution so that the beads 
formed will contain some opacifier. This method of 
incorporating opacifier is tedious and costly to use. 
It also produces a bead with an uncontrolled and 
random opacifier distribution. As a result some of 
the opacifier particles will likely by located near the 
bead surface, allowing the particles to become 
exposed and separated from the bead when the 
surface is dissolved by the monomer during use. 
Such separated particles will be deposited in the 
matrix and can form stress concentrators as pre- 
viously described. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention 
to provide a polymeric bone cement composition 
having a particularly useful viscosity versus time 
curve. 

It is also an object of the present invention to 
provide a polymeric bone cement composition hav- 
ing improved strength due to the reduction of 
stress concentrating structures in the polymerized 
cement. 

It is a further object of the present invention to 
provide a polymeric bone cement composition hav- 
ing a uniform radiographic image. 

It is also an object of the present invention to 
provide a polymeric bone cement with advanta- 
geous additives strategically placed in controlled 
distributions within the cement dry component par- 
ticles. 

It is also an object of the present invention to 
provide a polymeric bone cement having beneficial 
additives strategically placed in particular advanta- 



geously sized cement dry component particles. 

It is a still further object of the present inven- 
tion to provide a method of manufacturing a poly- 
meric bone cement composition that enables the 
5 cement's viscosity versus time curve to be readily 
adjusted. 

It is finally an object of the present invention to 
provide a method of manufacturing a polymeric 
bone cement composition that provides for the 

w placement of the opacifier and other additives in 
controlled distributions in the cement. 

The above advantageous objects and others 
are obtained by a cement composition comprising 
beads containing a polymerization initiator in con- 

75 trollable concentrations from 0% to 5% or more by 
weight. These same beads or others may also 
contain an opacifier. The polymerization initiator 
and the opacifier may be selectively distributed 
throughout the beads or at specific radial locations 

20 in the beads or within the beads in specific strata. 
They may also be selectively placed in beads of a 
particular advantageous size range. Furthermore, in 
other embodiments of the invention, other advanta- 
geous additives can be incorporated in the beads 

25 such as dyes, antibiotics, bone growth factors, and 
other pharmacological or therapeutic agents. Beads 
having the above described structure can be 
formed using a modified form of the microen- 
capsulation technique described in U.S. Patent 

30 4,657,140 hereby incorporated by reference. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The before mentioned features and advantages 
35 of the present invention are apparent from the 
following detailed description and the drawings 
wherein: 

FIG. 1 is a schematic diagram of a prior art dry 
component of a polymeric cement system. 
40 FIG. 2 is a viscosity versus time graph for a 
typical prior art polymeric cement system. 
FIG. 3 is a schematic diagram of a prior art 
polymeric cement system having been fully 
polymerized. 

45 FIG. 4 is a schematic diagram of a cement bead 

with additives distributed within it. 

FIG. 5 is a schematic diagram of a cement bead 

with additives distributed in layers. 

FIG. 6 is a schematic diagram of the inventive 
50 polymeric cement system having been fully 

polymerized. 

FIG. 7 is a graph of several viscosity versus 
time curves achievable by the present inventive 
bone cements. 

55 
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DETAILED DESCRIPTION OF THE INVENTION 

Referring to FIG. 4 a polymer bead 6 has one 
or more additives distributed within it. A polymer- 
ization initiator 7, preferably benzoyl peroxide 
(BPO), may comprise from 0% to 5% or more of 
the bead weight. Such beads can be combined 
with other beads of different sizes and composi- 
tions to form the dry component of a surgical 
cement system. Controlled, variable BPO concen- 
trations, made by the bead forming process de- 
scribed hereinbelow, contribute to adjustable 
rheological behavior in the cement system. The 
bead 6, or another, preferably includes an opacifier 
8, such as barium sulphate (BaSO^. By encasing 
the BaSO+ in the spherical and relatively strong 
bead, it is prevented from forming a stress con- 
centrator in the polymerized cement matrix and it 
will produce a uniform radiographic image. Further- 
more, the BaSO* is preferably incorporated in 
beads having a size, or maximum dimension, larger 
than can be dissolved during the working stage so 
that the BaSO+ is less likely to be freed from the 
beads and deposited in the polymerizing matrix. An 
exemplary cement dry component would contain 
85% by weight beads containing BaS04 and BPO, 
the beads having an average size of approximately 
50um. The BaSO* would be in the form of a fine 
powder comprising particles approximately 1um in 
size and constituting approximately 8%-12% of the 
bead weight. The BaS04 is depicted as forming 
clumps 8 within the bead 6. The BPO would be in 
the form of a fine powder comprising particles 7 
approximately 10um in size and constituting 2%- 
3% of the bead weight. The remaining 15% by 
weight of the cement dry component would consist 
of fine polymer beads having an approximate aver- 
age size of 1um to 10um. This portion of the dry 
component could also comprise milled beads or 
flaked polymer. An alternate exemplary cement dry 
component would contain 75% by weight beads 
containing BPO, 10% by weight beads containing 
BaS04 and 15% by weight fine beads, milled 
beads or flake. Additionally, BPO can be placed in 
the fine beads so that it is all available rapidly upon 
dissolution of the fine beads. 

The placement of additives in beads can be 
even more advantageously effected by placing the 
additives in strata or layers. FIG. 5 depicts a bead 
having layers 9, 10 and 11 and surface 12. By 
placing the opacifier in the center 1 1 of the bead, it 
is well imbedded and there is little chance of it 
being loosely incorporated into the matrix of the 
polymerized cement. The polymerization initiator 
can be placed on the surface 12 of the bead in 
order to cause polymerization to begin immediately 
upon mixing of the dry and liquid cement compo- 
nents. It can also be placed within the outer layer 



of the bead to cause more gradual polymerization 
as it is made available due to dissolution of the 
bead. Finally, the initiator can be placed in a layer 
10 deeper into the bead with a polymer barrier 

5 layer 9 surrounding the initiator containing layer to 
provide a cement with a specific time delay before 
polymerization begins. This time delay would be 
the time required for the barrier layer 9 to dissolve 
and expose the polymerization initiator containing 

w layer 10. Furthermore the initiator can be con- 
centrated in narrow bands in order to produce a 
time delay until the band is reached and then very 
rapid polymerization, or the bands can be less 
concentrated or wider to provide a time delay with 

75 a more gradual polymerization onset. The novel 
banding of the invention would enable full utilization 
of all of the BPO contained in the beads since the 
BPO would be placed in the regions of the bead 
that will be exposed in use. Such strategic incor- 

20 poration of additives can yield specific, desirable 
rheological behavior and strength characteristics. 
Likewise, the above structure can advantageously 
accommodate other additives such as dyes, anti- 
biotics, bone growth factors, and other useful 

25 agents. 

According to the present invention the addi- 
tives can be placed in beads of specific sizes, they 
can be placed singly or in combination with other 
additives, and they can advantageously be placed 

30 in strata to achieve precise timing and positive 
encapsulation. All of the above structures can be 
produced by modifying the process described in 
U.S. Patent 4,657,140. In this process solid par- 
ticles or viscous liquid droplets of core material are 

35 encapsulated in a coating material by feeding a 
suspension or solution of the two materials onto a 
rotating surface. This process is distinguished from 
other processes used to form bone cement beads 
containing additives in that it is a continuous pro- 

40 cess and it is capable of forming beads having a 
wide range of controlled sizes. Coated particles 
and droplets of excess coating material are centri- 
fugally thrown from the perimeter of the rotating 
surface and solidified by cooling or evaporation. 

45 The excess coating material forms dried droplets 
smaller than the coated particles and can therefore 
be easily separated and recycled. The continuous 
and controllable nature of the process and the ease 
of separating product from recyclable coating ma- 

50 terial makes the process more economical and 
more efficient than other processes. It also makes 
the process applicable where it is desirable to have 
only coated particles in the final product. This 
process is capable of coating particles ranging 

55 from 1um to 500um and can produce finished 
beads in a variety of specific sizes as needed. In 
the instant invention, a bead as shown in FIG. 4 
can be made by the above process by liquefying a 
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polymer, such as by dissolving it in a solvent or 
melting it, and suspending or dissolving the desired 
additive or additives in the liquid and then feeding 
the suspension or solution to the rotating surface. 
In the preferred embodiment, bulk polymethyl- 
methacrylate (PMMA) homopolymer or polymethyl- 
methacrylate styrene (PMMAS) co-polymer with no 
or minimal residual BPO, and a molecular weight of 
at least 100,000 is dissolved in an organic solvent 
such as acetone, methylene chloride, or other 
known organic solvents. BPO, typically in the form 
of a fine powder, is dissolved (or suspended de- 
pending on the solvent used) in the polymer solu- 
tion. Since the beads are formed directly from a 
polymer rather than in a polymerization reaction, 
any desirable BPO concentration can be achieved 
without affecting the attainable molecular weights. 
In addition to BPO, BaSO* with an average particle 
size of 1 micrometer or less is preferably co- 
suspended in the solution. The suspension is fed to 
the rotating atomization equipment where centri- 
fugal force causes the suspension to atomize when 
it leaves the rotating surface. The pure polymer 
beads formed from excess coating material can be 
recycled or incorporated as fine beads into the dry 
component of the cement system to provide de- 
sired properties. The process can also be run with- 
out any additives to produce only pure polymer 
beads for incorporation into the dry component. 
Other additives that can be advantageously placed 
in beads include dyes, antibiotics, bone growth 
factors, and other pharmacological or therapeutic 
agents. This process is particularly suited to incor- 
porating fragile pharmacological agents because of 
the potential for a very short dwell time of the 
additive in solution and the ability to conduct the 
process at low temperatures. 

A layered bead as shown in FIG. 5 can be 
produced by iteratively using the beads from a 
prior coating step as the particles in subsequent 
coating steps. For example, a bead having BaSO+ 
encapsulated at its center surrounded by a layer of 
concentrated BPO and an outer layer of pure 
PMMA can be produced by the following steps. 
The above process is employed to produce first 
beads having BaSO^ encapsulated in PMMA. 
These first beads are then suspended in a solution 
containing BPO, such as BPO dissolved in metha- 
nol. (The first beads are not soluble in methanol. 
However, it is even possible to use the process for 
particles or beads soluble in the solution since 
dwell time can be made to be so short as to 
prevent dissolution of the particles.) The process is 
carried out to yield second beads comprising 
BaS04 encapsulated in PMMA, the second beads 
being coated with BPO. The process is repeated 
with a PMMA solution to apply the final PMMA 
outer layer. A wider, less concentrated, BPO con- 



taining layer could be produced by coating the first 
beads with a more viscous liquid containing BPO, 
such as liquified polymer, rather than BPO dis- 
solved in methanol. A cement system having a dry 

5 component comprising these beads in an appro- 
priate mix with fine beads, milled beads, or poly- 
mer flake will have the highly desirable properties 
of a controlled specific working time (time to dis- 
solve through outer layer of PMMA) followed by 

w onset of rapid polymerization as the concentrated 
layer of BPO becomes available. FIG. 6 depicts the 
fully polymerized cement. The beads 13 will be 
securely incorporated in the polymer matrix 14 
since polymerization initiates from the beads. The 

75 BaSO/j 15 will be securely held in the bead centers 
where it cannot weaken the cement and where it 
will be uniformly distributed with the beads 
throughout the hardened cement to yield a uniform 
radiographic image. 

20 The present invention provides for careful tai- 
loring of the rheological properties of bone ce- 
ments and for improvement in the strength of bone 
cements. FIG. 7 depicts several exemplary viscos- 
ity versus time curves obtainable by the inventive 

25 cements described herein. These curves range 
from immediate, rapid polymerization to delayed 
progressive polymerization. For example, curve 1 
represents a cement that begins to polymerize 
immediately and continues to harden very rapidly. 

30 This type of curve would result from a cement 
having a high concentration of a polymerization 
initiator in small readily dissolved beads whereby 
the polymerization initiator would all be released by 
dissolution of the beads during mixing. Curve 2 

35 represents a cement that begins to polymerize 
during mixing and continues to polymerize at a 
gradually increasing rate. This curve would result 
from a bead having a polymerization initiator dis- 
persed throughout the bead so that some poly- 

40 merization initiator is exposed immediately and as 
more of the bead dissolves, more polymerization 
initiator becomes available. Curve 3 represents a 
cement having a delay ti before polymerization 
begins and then continued polymerization at a 

45 gradually increasing rate. This curve would result 
from a layered bead having an outer layer contain- 
ing no polymerization initiator and a relatively wide, 
or less concentrated, inner layer containing poly- 
merization initiator so that once the outer layer is 

50 dissolved, the polymerization initiator is gradually 
released. Curve 4 represents a cement having a 
relatively long delay before polymerization be- 
gins and then rapid polymerization. This curve 
would result from a layered bead structure having a 

55 thick outer layer with no polymerization initiator and 
then a very concentrated band of polymerization 
initiator which is released quickly. Finally curve 5 
represents a cement having a long delay and grad- 
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ual polymerization. This would result from a lay- 
ered bead structure having a thick outer layer with 
no polymerization initiator and a wide inner layer 
that would gradually release polymerization initia- 
tor. Many other desirable polymerization curves 
could be obtained using the techniques of this 
invention. 

While the foregoing has described exemplary 
embodiments of the present invention, further vari- 
ations are possible. For example, particle sizes 
may vary depending on the particular additive em- 
ployed and its source. Likewise, the order, thick- 
ness, and concentration of layers in a layered bead 
structure will be varied to suit a particular applica- 
tion and produce desired properties. In addition, 
the cement may comprise a polymer or combina- 
tion of polymers different from those used in the 
examples. However, it will be understood by those 
skilled in the art that these modifications and others 
may be made without departing from the spirit and 
scope of the invention defined by the appended 
claims. 

Claims 

1. A bone cement having predetermined Theolog- 
ical, pharmacological and strength characteris- 
tics, the cement comprising polymer particles, 
the characteristics of the cement being con- 
trolled by placement of additives in specific 
radial locations in the particles. 

2. A bone cement comprising polymer particles 
containing an opacifier wherein the opacifier is 
substantially concentrated at the center of the 
bead. 

3. A bone cement having a dry component and a 
liquid component, the dry component compris- 
ing polymer beads having layers of varying 
composition. 

4. The bone cement of claim 3 wherein at least 
one of the layers contains an additive selected 
from the group consisting of opacifiers, poly- 
merization initiators, dyes, antibiotics, and 
bone growth factors. 



7. The bone cement of claim 3 wherein the lay- 
ered beads include: 



a first layer comprising a radiopaque 
agent, 

a second layer comprising a polymeriza- 
tion initiator, and 
5 a third layer. 

8. The bone cement of claim 7 wherein: 

the first layer is located in the center of the 
bead, 

w the second layer surrounds the first layer, 

and 

the third layer surrounds the second layer. 

9. A dry component of a bone cement comprising 
15 polymer particles of various sizes, the polymer 

particles being groupable into size ranges hav- 
ing different compositions. 

10. A bone cement comprising a dry component 
20 and a liquid component, the dry component 

including: 

a first distribution of relatively larger poly- 
mer particles, 

a second distribution of relatively smaller 
25 polymer beads, and 

a radiopaque agent incorporated solely 
within the beads of the first distribution. 

11. The bone cement of claim 10 wherein the 
30 relatively larger polymer particles are larger 

than approximately 50 ixm and the relatively 
smaller polymer particles are smaller than ap- 
proximately 50 urn. 

35 12. The bone cement of claim 10 wherein the 
radiopaque agent is further concentrated in the 
center of the beads of the first distribution. 

13. A bone cement comprising a dry component 
40 and a liquid component, the dry component 

including: 

a first distribution of relatively larger poly- 
mer particles, 

a second distribution of relatively smaller 
45 polymer beads, and 

a polymerization initiator incorporated sole- 
ly within the beads of the second distribution. 

14. A bone cement having a dry component and a 
liquid component, the dry component compris- 
ing: 

approximately 85% by weight first polymer 
beads containing an opacifier and a polymer- 
ization initiator, the first polymer beads having 
an average size of 50um, and 

approximately 15% by weight second 
polymer beads having an average size less 
than 10um. 



5. The bone cement of claim 3 wherein the lay- 
ered beads include a surface layer comprising 50 
a polymerization initiator. 

6. The bone cement of claim 3 wherein the dry 
component further comprises polymer particles 
without layers of varying composition. 55 
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15. A bone cement comprising polymer beads 
containing additives, the beads being formed 
from a liquified polymer containing the ad- 
ditives. 

16. A method of manufacturing bone cement com- 
prising the steps of: 

(a) liquefying a polymer, 

(b) forming the polymer into droplets, and 

(c) solidifying the droplets to form polymer 
particles. 

17. The method of claim 16 further comprising the 
step of placing an additive in the liquified poly- 
mer before forming the droplets. 



23. The method of claim 22 comprising the addi- 
tional step of: 

(c) coating the second bead to form a third 
bead. 

5 

24. The method of claim 22 wherein at least one of 
the layers of the layered bead contains an 
additive. 

w 25. The method of claim 24 wherein the additive is 
selected from the group consisting of 
opacifiers, polymerization initiators, dyes, anti- 
biotics, and bone growth factors. 



18. A method of manufacturing beads for incor- 
poration into the dry component of a bone 
cement comprising: 

(a) forming a first liquid from a polymer, 20 

(b) introducing an additive into the first liq- 
uid to form a first combination, 

(c) feeding the first combination onto a ro- 
tating surface which centrifugally creates 

first droplets containing additives and 25 
droplets of pure polymer, and 

(d) solidifying the droplets to form beads. 

19. The method of claim 18 further comprising the 
steps of: 30 

(e) suspending some of the beads in a 
second liquid to form a second combination, 

(f) feeding the second combination onto a 
rotating surface which centrifugally creates 
second droplets containing beads coated 35 
with the second liquid and droplets of sec- 
ond liquid, and 

(g) solidifying the droplets to form beads. 

20. The method of claim 19 further comprising the 40 
step of: 

(h) repeating steps (e) through (g) with vary- 
ing liquid compositions as many times as is 
necessary to produce a desired bead struc- 
ture. 45 

21. The method of claim 18 wherein the additive is 
selected from the group consisting of 
opacifiers, dyes, polymerization initiators, anti- 
biotics and bone growth factors. 50 

22. A method of manufacturing beads for incor- 
poration into the dry component of a bone 
cement comprising the steps of: 

(a) forming a first bead; and 55 

(b) coating the first bead to form a second, 
layered bead. 
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